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METHOD OF MAKING CO-FIRED, MULTILAYER SUBSTRATES 

The present invention generally concerns preparing co-fired, multilayer 
substrates with little or no discernible warpage. The present invention more particularly 
5 concerns preparing such structures by liquid phase sintering. The present invention still more 
particularly concerns preparing co-fired, multilayer aluminum nitride (AIM) substrates wherein 
at least a portion of the layers have conductive, refractory metal paste patterns deposited 
thereon. 

Yasuhiro Kurokawa et ah, in "Characterization of the AIN-W Interface in a 

10 Cofired Multilayer AIN Substrate" , Journal of the American Ceramic Society . 72[4] pages 612-16 
(1989),characterize the structure and chemistry of the AIN-W interface. They laminate tape- 
cast AIN green sheets screen-printed with tungsten thick-film paste to prepare a multilayer 
structure. The AIN sheets contain two weight percent calcium carbide (C C)as a sintering aid. 
The tungsten paste contains 3 weight percent (wt.%) AIN powder to make the fired shrinkage 

15 of the tungsten close to that of the AIN. They fire the laminate at 1900°C unaer 0.1 megapascat 
(MPa) nitrogen gas for 4 hours (hrs). The sintering conditions employed by Kurokawa et al. 
approach those used in solid phase sintering. 

European Patent Application 329,973 describes a number of problems 
encountered in attempting to produce electronic substrates by pressureless sintering. One 

20 problem is uneven sintering due to inhomogeneities in green ceramic sheets or uneven heating 
thereof. Uneven sintering can, in turn, lead to warping in the fired oroduct. A second problem 
is tnat Ai N is difficult to sinter. This can lead to insufficiently high sintered densities. A third 
problem is an inability to control lateral shrinkage during sintering of both the metal and 
ceramic layers. This can result in substantial residuai stresses between layers, warpage or 

25 delamination of the substrate, ana failure to meet reauired dimensional tolerances 

European ^atent Application 329,973 proposes to solve the aforementioned 
prooiems by hot pressing ceramic green sneets containing ceramic powder and organic omde r s 
tnat leave no undesirable r esidue upon pyrolysis in the absence of oxygen. Boron n.tnde (3N) 
sneets rsaoe of BN oowde r ;n a similar binder are placed on each side of the ceramic green 
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sheet to form a composite. The BN sheets are subsequently removed. Multilayer ceramic 
electronic substrates with internal interconnections between metal circuits deposited on 
various green sheets by conventional methods, such as screen printing, may also be produced 
by hot pressing. 

5 One aspect of the present invention is a method of preparing a cofired, multilayer 

aluminum nitride substrate that is substantially free of war-page or delamination, the method 
comprising: 

a. preparing at least two ceramic green sheets from a composition containing 
aluminum nitride, a combination of at least one first liquid phase sintering aid and at least one 

10 second liquid phase sintering aid, and, optionally, aluminum oxide (Al 2 0 ; ), the first and second 
sintering aids being selected from subgroups 1) oxygen-containing alkaline earth metal 
compounds, 2) oxygen-containing derivatives of lanthanide series elements, 3) oxygen- 
containing derivatives of yttrium, 4) alkaline earth metal halides, 5) halogen-containing 
derivatives of lanthanide series elements and 6) yttrium halides, provided, however, that the 

15" first and second sintering aids are selected from different subgroups, the combination of 
sintering aids being present in an amount sufficient to'initiate liquid phase sintering of 
aluminum nitride at a temperature within a range of from 1400°C to 1600°C and substantial ly 
complete said liquid phase sintering at a'temperature within a range of from 1 600°C to 1 900°C; 

b. depositing a desired pattern of conductive metal paste on at least one major 
20 planar surface of at least one ceramic green sheet, the metal paste containing a refractory 

metal and at least one sintering additive selected from thegroup consisting of nickel (Ni), 
cobalt (Co), chromium (Cr), iron (Fe), manganese (Mn), copper (Cu) and compounds thereof 
that are converted to their corresponding metal during sintering, the sintering additive(s) 
being present in an amount sufficient to initiate liquid, phase sintering of the refractory metal 
25 at a temperature within a range of from 1400°C to 1600°C and substantially complete said 
liquid phase sintering at a temperature within a range of from 1600°Cto 1900°C; 

c. preparing a laminate of a desired number of ceramic green sheets having 
conductive metal patterns deposited thereon; 

d. heating the laminate in a non-oxidizing atmosphere, at atmospheric pressure 
30 and at a temperature sufficients effect liquid phase sintering of both the ceramic sheets and 

* the conductive metal paste deposited on said sheets. As an alternative, heating may take oiace 
in a vacuum or under pressure rather than at atmospheric pressure. 

A second aspect of the present invention »s a nqurd-phase sinterabie. conductive 
metai paste composition comprising a refractory metal ana at least one sintering acamve 
35 selected from Hi, Co, Cr, Fe, Mn, Cu ana compounds tnereof that are converted to meir. 

corresponding metal during sintering, the smtenng additive(s) being present in a total amount 
sufficient to initiate liquid phase sintering of the refractory metal at a temperature within a 
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range of from 1400°C to 1600°C and substantially complete said liquid phase sintering at a 

temperature within a range of from about 1600°C to 1900°C 

An initial step in the process of the invention involves preparing at least two 

green or unfired ceramic sheets. The sheets can be produced using standard procedures such as 
5 extrusion, injection molding or tape casting. Tape casting using a suitable ceramic slip 

composition yields satisfactory green sheets. 

The slip, or ceramic/polymer slurry beneficially contains AIN, liquid phase 

sintering aids, at least one organic binder, a dispersant, a solvent and, optionally, a plasticizer 

or lubricant. Satisfactory slip compositions comprise from 50 to 70 wt.% ceramic materials, 
10 from 5 to 15 wt.% binder material and from 20 to 45 wt.%o solvent, all percentages being 

based upon slip weight. The ceramic materials consist of AIN and the liquid phase sintering 

additives. The binder material consists of binder, polymeric dispersants, lubricants and 

plasticizers. 

Slip composition components other than the ceramic materials are selected based 

1 5 upon two orimary criteria. First, the slip composition must yield a green sheet that can be 
handled easily during assembly of a multilayer substrate prior to subjecting the substrate to 
sintering conditions. Second, components other than the ceramic materials must be removed 
during heating of the multilayer substrate without leaving undesirable residues to 
contaminate or interfere with properties of aluminum nitride after sintering. 

20 Dried tapes are suitably cut, sheared or otherwise fabricated into shapes having 

desired dimensions by conventional means such as a blanking die. Registration holes for 
alignment and via holes for interconnecting metal circuits can be punched at the same time. 

The AIN may be prepared either by carbothermal reduction or direct nitridation 
so long as it meets certain criteria. It should be in the form of a fine powder that is substantially 

25 free of hard agglomerates. Agglomerates tend to interfere with forming and casting ceramic 
slips. An ultimate particle size of from 0.5 to 2.0 micrometers (pm) provides satisfactory results. 
The ultimate particle size is desirably about 1 pm. The particle size distribution should also be 
narrow. Satisfactory results are obtained when the particle size distribution provides a surface 
area within a range of from 2 to 6 m^/gram. The AIN should also be of high purity. Atypical 

30 high purity powder has an oxygen content of < 1 wt.%, a carbon content of < 0.1 wt.%, and a 
total of metallic impurities, such as silicon (Si) and iron (Fe), of < 0.1 wt.%. The foregoing 
weight percentages are based upon total powder weight. Commercially avatlaole "electronic 
grade" AIN powders typically meet these criteria and Droduce acceptable results. 

AIN does not sinter easily in the absence of sintering aids. The present invention 

35 employs combinations of at least one first liquid onase sintering aid, at least one second nauid 
phase sintering aid and, optionally, ALO. to facilitate sintering of the AIN. The tiauid phase 
sintering a<as are suitably selected from two different subgrouos. The subgroups are: 1) 
oxygen-containing alkaline earth metal compounds; 2) oxygen-containing derivatives of 

-3- 



WO 93/04998 PCT/US92/07384 

lanthanlde series elements; 3) oxygen-containing derivatives of yttrium; 4) alkaline earth metal 
hafides; 5) halogen-containing derivatives of Ianthanide series elements; and 6) yttrium 
halfdes. The alkaline earth metals are suitably calcium (Ca), barium (Ba), strontium (Sr) and 
radium (Ra), beneficially Ca or Ba. The hatides are suitably fluorides. The oxygen-containing 

5 alkaline earth metal compound is desirably calcium oxide (CaO), calcium carbonate (CaCOJ or 
calcium nitrate, preferably CaCO r The alkaline earth metal haltde is desirably calcium fluoride 
(CaF 2 ) or barium fluoride (BaF 2 >. The ianthanide series elements are desirably cerium (Ce) and 
dysprosium (Dy). Cerium fluoride is a preferred halogen-containing derivative of a ianthanide 
series element. Dysprosium oxide (Dy 2 0 3 ) is a preferred oxygen-containing derivative of a 

10 Ianthanide series element. Yttrium oxide (Y 2 0 3 ) and yttrium nitrate are preferred oxygen- 
containing derivatives of yttrium. Yttrium fluoride (YF,) is a preferred yttrium halide. 
Compounds that are converted, during sintering, to the aforementioned sintering aids may 
also be used. 

Combinations of sintering aids which produce satisfactory results include CaF,, 

T 5 CaCO, and A! 2 0,; Y r O,, YF_ and Af 2 0.; YF., CaF 2 and ALO,; Y 2 0_, CaCO, and Af 2 0 3 ; Ca F 2 and YF,; 
CaCO, and YF 3 ; CaF 2 and Y 2 0 3 ; and CaF,, CaO and ALO,. The combination of sintering aids is 
beneficially present in an amount sufficient to initiate liquid phase sintering of AI N at a 
temperature within a range of from T400°C to 1600°C and substantially complete said liquid 
phase sintering at a temperature within a range of from 1600°Cto 1900°C Liquid phase 

20 sintering is beneficially complete at a temperature within a range of from T600°C to 1750°C 
The latter temperature range is desirably from 1600°C to 1700°C 

Aluminum oxide, when present, is suitably present in an amount sufficient to 
promote liquid phase sintering within the aforementioned temperature ranges. The amount of 
Ai 2 0 3 , when present, is beneficially from greater than 0 to 8 wt.% , based upon weight of AIN 

25 plussintering ards. The amount of Al,0 3 is desirably from 0/1 to 2 wt.% . 

Organic binders suitable for use in preparing AIN slip formulations include those 
conventionally used to prepare ceramic green sheets. The organic binders should promote 
preparation of flexible green sheets and readily pyrolyze without leaving an undesirably high 
level of residual carbon. A preferred level of residual carbon after "binder burnout", or heating 

30 to volatilize organic components, is less than 0.4 wt.% , based upon ceramic sneet weight. 
Larger amounts can be tolerated provided sufficient At.O, or other oxygen-containing 
sintering aid is present to offset the excessand promote reduction of the carbon content 
through format'on of carbon monoxide. Organic binders that provide satisfactory results 
mcfuae polyvinyl butyral, polymers of acrylic or methacry lie acid (also known as acryiate and 

35 methacrylate resins), polyvinyl alcohol and polyethylene. The binder is suitably polyvinyl 

butyral or an acrylic resin. The organic Dtnder may oe used <n conjunction with other organic 
compounds, such as polyalkylene glycol, that are added to slip formulations as viscosity 



WO 93/04998 PCT/US92/07384 

modifiers. They also promote flexibility of ceramic green sheets during handling to prepare 
laminates for sintering. 

Solvents used in preparing aluminum nitride slip formulations are suitably 
selected from ortho-xylene, ethanol, toluene, methyl ethyl ketone, trichloroethylene, 
5 methanol and combinations thereof. Other conventional solvents may also be used. 

Plasticizers used in preparing Al N slip formulations include conventional 
plasticizers such as alkyl phthalate, dibutyl phthalate, polyethylene glycol and combinations 
thereof. 

In step two of the process, a desired pattern of conducti ve metal paste is 
1 0 deposited on at least one major planar surface of at least one ceramic green sheet. The pattern 
may be applied using conventional techniques such as screen printing. 

The metal paste comprises a refractory metal and at least one metallic sintering 
additive selected from the group consisting of Ni, Co, Cr, Fe, Mn and Cu. The metallic sintering 
additive is desirably Ni, Go or Cu, The sintering additives are suitably present in an amount 
15 sufficient to initiate liquid phase sintering of the ref ractory metal at a temperature within a 
rangeoffrom 1400°C'to 1600°C. The amount is beneficially sufficient to allow substantial 
completion of said liquid phase sintering at a temperature within a range of from 1600°C to 
1900°C. 

Satisfactory results are obtained with refractory metal paste compositions 

20 comprising from 60 to 89.5 wt.% metal, from 0,5 to 10 wt.% polymeric binder and from 1Gta 
30 wt.% organic solvents. All percentages are based upon paste weight. The metal component 
consists of the refractory metal and sintering additives for the refractory metal. The sintering 
additives comprise from greater than 0 to 10 wt.% of the metal component. The metal paste 
composition, although particularly suitable for use with AIN, may be used with other ceramic 

25 materials such as Al 2 0 3 . 

The refractory metal is suitably selected from the group consisting of tungsten 
(W), molybdenum (Mo) or tantalum (Ta), and combinations thereof . The refractory metal is 
desirably W or Mo, preferably W. The tungsten beneficially has an average particle size within 
a range of from 0.5 to 2.5 \xm. The average particle size is desirably from 0.5 to 1.5 \im 

30 The refractory metal paste may further comorise a binder and a solvent. The 

binaer is suitably selected from cellulose ethers, particularly ethyl cellulose; polyvinyl butyrai; 
acrytic resins; methacrylic resins; and combinations thereof. The Dinder is present in an amoun: 
sufficient to imoart pseudoolastic flow to the paste as it is deposited upon substrate surfaces or 
into vias or both by procedures such as screen printing. The amount must not be so large, 

35 however, mat it cannot be substantially removed curing further processing. Satisfactory 
results are obtained with amounts of binder within a range of from 1 to 5 wt.% , based upo^ 
paste weight. The solvent is suitably capable of placing the oindenn solution. Terpineoi 
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suffices when the binder is ethyl cellulose or polyvinyl butyraL Ethanol orortho-xylene may be 

used with polyvinyl butyraL 

Interconnections between circuits resulting from sintering of the metal paste 

patterns may be effected by standard technology. By way of il lustration, via holes may, prior to 
5 deposition or refractory metal paste thereon, be filled either with metal powder, metal paste 

or with plugs punched from a metal powder-loaded ceram ic g reen sheet. The latter sheets are 

prepared in the same manner as the green ceramic sheets save for incorporation of a suitable 

amount of metal powder. A more common approach to filing via holes employs either 

vacuum-assisted screen printing or injection. 
-JO Step three of the process involves preparing a laminate'of a desired number of 

ceramic green sheets having conductive metal patterns deposited thereon. Such sheets may 

also be referred to as metallized green sheets. The pattern formed from conductive metal 

paste is desirably dried prior to laminate preparation. The laminate may be formed by any 

suitable conventional technique. One such technique includes stacking the metallized green 
15 sheets in a lamination die and thereafter subjecting the stack to thermal compression, for 

example, at a pressure of 1 000 pounds per square inch (psi) (6.9 MPa) and a temperature of 80° 

to 90° C for a period of five minutes- 

In step four of the process, the laminate is heated in a non-oxidizing atmosphere, 

at atmospheric pressure and at a temperature sufficient to effect liquid phase sintering of both 
20 the ceramic sheets and the conductive metal paste deposited on said sheets. 

The process desirably comprises an intermediate step between steps three and 

four wherein the laminate is heated in a non-oxidizing atmosphere at a temperature and for a 

time sufficient to volatilize or pyrolyze substantially all organic comoonents of the iaminate. 

The resultant co-sintered r multilayer substrates exhibit good surface finish and 
25 flatness, very satisfactory interfarial bonding, near theoretical densities and thermal 

conductivity values in excess of 100 watts/meter degree Kelvin (W/m°K). 

The following examples illustrate, but do not limit, the scope of the present 

invention. AIT parts and percentages are by weight unless otherwise stated. 

Example T - 

30 General Procedure for Fabricating Substrates 

A slurry or slip suitable for use in fabricating thin AIN sheets via tape casting was 
prepared by blending eiectronrc grade AIN (proauceo by The Dow Chemical Company) with 
one or more sintering aids, one or more solvents, one or more dispersants, one or more 
olasticrzers, one or more binders and, optionally, one or more iuDncants. The slurry 

35 components, less the luoncants, plasticizers and binders, were milled at room temperature for 
a period of 2 to 3 nours with AI N milling media (right circular cylinders having a diameter of V2 
inch (1 .3 cm) and a length of 1/2 inch (1.3 cm)) in a plastic milling jar The amount of milling 
media was sufficient to provide weight ratio of mul ing media to alumi num nitride powder 
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3:2. The binders, plasticizersand lubricants were then added and milling continued for an 
additional period of 16 hours to provide a milled slip. The milled slip was filtered through a 
nylon cloth having a 74 pm mesh size. 

The filtered slip was cast as a wet tape onto a silicone-coated polyester carrier film 

5 using a doctor blade. The cast tape was typically twice the thickness desired for a dried tape 
and ranged from 5 to 15 mils (127 to 381 pm). The cast tape thickness was typically about 10 
mils (254 pm). The cast tape was dried at room temperature under forced air circulation for a 
period of 3 hours. The dried tapes were separated from the carrier film and cut into shaped 
pieces using a shear die. If desired, registration holes for alignment purposes and via holes for 

10 interlayer circuit connections were drilled or punched into the shaped pieces. 

For multilayer structures, a number of shaped pieces were stacked together in a 
lamination die and compressed under a pressure of 1 ,000 psi (6.9 MPa) at a temperature of 90°C 
for a period of 5 minutes. The compressed pieces were removed from the lamination die and 
placed in a burnout oven to remove polymeric binder materials. A typical burnout schedule 

1 5 included heating at a temperature of 600 C C under flowing nitrogen for a period of 4 hours 
followed by cooling at a rate of about 2°C per minute. 

After binder burnout, the pieces were placed on a boron nitride or ref ractory 
metal tray or crucible and loaded into a high temperature sintering furnace. The pieces were 
heated, in the presence of gaseous nitrogen flowing at a rate of 3 standard cubic feet per hour 

20 (23.6cmVsec)to a sintering temperature. Heating occurred at a rate of 10°C/minute from 20°C 
to 1400°C and at a rate of 2-5°C/minute from 1400°C to a desired sintering temperature. The 
desired sintering temperatures were within a range of 1600 d -1900°C The heated pieces were 
maintained at the sintering temperature for a period of 4 hours and then cooled at a rate of 
5°C per minute to room temperature. The sintered pieces were tested for thermal conductivity 

25 by the laser flash method. See, W. J. Parker, R. J. Jenkins, C. P. Butler and G. L. Abbott, " Flash 
Method of Determining Thermal Diffusivity, Heat Capacity and Thermal Conductivity", Journal 
of Applied Physics, 32 , 1679-84(1961). See also , R. C. Enck, R. D. Harris and R. A. Young man, 
"Measurement of the Thermal Diffusivity of Translucent Aluminum Nitride", Advanced 
Characterization Techniques for Ceramics , Ceramics Transactions , voi 5, 218-22 (1989). 

30 Table I provides three organic formulations that were used to prepare slip 

compositions. Table II lists the sintering additive and slurry formulations that were used in 
preparing samples 1-10. Sintered pieces were prepared from these slip formulations using the 
foregoing general procedure. Table III reports the sintering temperature and summarizes 
results of thermal conductivity testing. 

35 
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The data presented in Table III demonstrate that A! N can be sintered with 
sintering aid formulations of the present invention over a temperature range of from 1 600°C to 
1900°C The data also demonstrate that resultant AI N sheets or articles have thermal 

5 conductivity values in excess of 100 W/m°K. AIN sheets prepared from formulations similar to 
those of Table II save for use of only one liquid phase sintering aid normally have at least one of 
two shortcomings. One shortcoming is an inability to reach high sintered densities at 
temperatures below 1 700°C A second shortcoming is a thermal conductivity value less than 
100 W/m°K. Thermal conductivity values below 100 W/m°K are also obtained with amounts of 

10 AI O in excess of about 8 wt.%, based upon weight of AIN plus sintering aids. Results similar to 
those shown in Table iii are expected with other combinations of sintering aids and, optionally, 
Al 2 0, within the limits described herein. 
Example 2 - 

Refractory metal inks or pastes were prepared in accordance with the 
1 5 formulations I isted in Table IV. 



Table IV . - INK FORMULATIONS (PARTS BY WEIGHT) 



^formulation 
Component 


1-1 


1-2 


1-3 




1-5 


1-6 


1-7 


Tungsten 


36.5 


36.5 


36 


33 


32.5 


35.5 


38 


Molybdenum 










3 






Nickel 


0.5 


0.5 


0.5 


0.5 








Cobalt 










0.5 


0.5 




Copper 














1 


Tungsten 
Trioxide 
















Aluminum 
Oxide 






1 










Aluminum 
Nitride 


0.5 


0.5 






0.5 


0.5 




Titanium 
Nitride 










1 


■ 


1 


a-Tepineol 


12 


12 


12 


12 


12 


12 [ 12 j 


Ethyl 
Cellulose 


0.5 




0.5 


0.5 


0.5 


1 i 


Butvar^B-QS 




i 








1 i 1 j 
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The refractory metal inks were deposited onto surfaces and into vias of aluminum 
nitride green tapes prepared as in Example 1 using vacuum-assisted screen printing. The screen 
printing procedure included two steps, in a first step, the vias were filled. In a second step, the 

5 ink was deposited onto the surfaces of the tapes. The ink formulation for via filling contained 
the same components as that used for deposition on the surfaces. AH component amounts 
were the same except the amount of solvent which was 9.6 parts by weight in the via filling ink. 
Each ink-coated layer or tape was dried at ambient temperature in air for a period of 20 
minutes. The screen printed tapes were then placed in a drying oven set at a temperature of 

10 90°C for a period of 20 minutes. 

After drying, the ink-coated tapes were laminated into a multilayer greenware 
and placed in a burnout oven to remove organic components from the greenware. Organic 
component removal or binder burnout followed the procedure described in Example 1 . The 
binder burnout also served to remove organic components from the ink. The laminates were 

15 sintered as in Example 1. The conditions used to sinter the al uminum nitnde-containmg 
shaped pieces also effectively sintered the refractory metal ink. 

Table V includes the sintering temperature and summarizes results of co-sintering 
trials of various combinations of substrates prepared in accordance with the slip formulations 
of Example 1 and the ink formulations of Table IV. 
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The data summarized in Table V demonstrate that pressureless sintering provides 
suitable co-fired, metallized AIN substrates over a temperature range of from 1600C to 1900°C 
In other words, all have average camber levels of less than 0.010, thermal conductivities greater 

5 than 100 W/m°K and sheet resistance levels below 100 milliohms per square. Co-fired, 

metallized AIN substrates prepared without the combination of sintering aids specified herein 
lack one or more of these desired properties. In other words, the latter substrates have, for 
example, camber values in excess of 0.010. 

Similar results are obtained with other combinations of the slip formulations and 

10 refractory ink compositions disclosed herein over the temperature range of from 1600°Cto 
1900°C 
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CLAIMS: 

1. A process for preparing a cofired, multilayer aluminum nitride substrate 
substantially free of warpage that comprises: 

5 a. preparing at least two ceramic green sheets from a composition containing 

aluminum nitride, a combination of at (east one first liquid phase sintering aid and at least one 
second liquid phase sintering aid, and, optionally, aluminum oxide, the first and second 
sintering aids being selected from subgroups 1) oxygen-containing alkaline earth metal 
compounds, 2) oxygen-containing derivatives of lanthanide series elements, 3) oxygen- 

10 containing derivatives of yttrium, 4) alkaline earth metal haiides, 5) halogen-containing 
derivatives of lanthanide series elements and 6) yttrium haiides, provided, however, that the 
first and second sintering aids are selected from different subgroups, the combination of 
sintering aids being present in an amount sufficient to initiate liquid phase sintering of 
aluminum nitride at a temperature within a range of from 1 400°C to 1 600°C and substantial ly 

15 completesaid liquid phase sintering at a temperature within a range of from 1600°Cto 1900°C; 

b. depositing a desired pattern of conductive metal paste on at least one major 
planar surface of at least one ceramic green sheet, the metal paste containing a refractory 
metal and at least one sintering additive selected from nickel, cobalt, chromium, iron, 
manganese, copperand compounds thereof that are converted to their corresponding metal 

20 during sintering, the sintering additives being present in an amount sufficient to initiate liquid 
phase sintering of the refractory metal at a temperature within a range of from 1400°C to 
'1600°C and substantially complete said liquid phase sintering at a temperature within a range 
of from 1600°Cto 1900°C; 

c. preparing a laminate of a desired number of ceramic green sheets having 
25 conductive metai patterns deposited thereon; 

d. heating the laminate in a non-oxidizing atmosohere, at atmospheric pressure 
ana at a temperature sufficient to effect liquid phase sintering of both the ceramic sheeis and 
the conductive metal paste deposited on said sheets. 
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2. A process as claimed in Claim 1 further comprising an intermediate step 
between steps c and d wherein the laminate is heated in a non-oxidizing atmosphere at a 
temperature and for a time sufficient to pyrolyze substantially all organic components of the 
laminate. 

5 3. A process as claimed in Claim 1 or Claim 2 wherein aluminum oxide is present 

in an amount of from greater than 0 to about 8 percent by weight, based upon weight of 
aluminum nitride plus sintering aids. 

4. A process as claimed in Claim 3 wherein the refractory metal component of the 
conductive metal paste is tungsten, the tungsten having an average particle size of from 0.5 to 

10 1.5pm. 

5. A process as claimed in Claim 3 wherein the metallic sintering additive is 

nickel. 

6. A process as claimed in Claim 3 wherein the liquid phase sintering additives for 
aluminum nitride are calcium fluoride and one of calcium oxide, calcium carbonate and yttrium 

15 fluoride. 

7. A process as claimed in Claim 3 wherein the liquid phase sintering additives for 
aluminum nitride are calcium carbonate and yttrium oxide. 

8. A liquid-phase sinterable, conductive metal paste composition comprising a 
refractory metal and at least one sintering additive selected from nickel, cobalt, chromium, 

20 iron, manganese, copper and compounds thereof that are converted to their corresponding 
metal during sintering, the sintering additive(s) being present in a total amount sufficient to 
initiate liquid phase sintering of the refractory metal at a temperature within a range of from 
1400°C to 1600°C and substantially complete said liquid phase sintering at a temperature within 
a range of from 1600°Cto 1900°C. 

25 9. The composition of Claim 8 wherein the refractory metal component of the 

conductive metal paste is tungsten, the tungsten having an average particle size of from 0.5 to 
1.5 jim. 

1 0. The composition of Claim 8 wherein the sintering additive is nickel or copper. 
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